INTRODUCTION
Understanding millennial-scale climate variability that interrupted the last deglaciation (18.0-11.5 ka) affords insight into the nature and cause of the termination of ice ages. One prominent event, the Antarctic cold reversal (ACR, ca. 14.6-12.8 ka; Lemieux-Dudon et al., 2010) in the high southern polar latitudes, was contemporaneous with the Bølling-Allerød warm period in the north and ended at the onset of the Younger Dryas stadial (ca. 12.9-11.7 ka; Blunier and Brook, 2001 ), but its cause remains obscure. Recent studies Putnam et al., 2010a; Kaplan et al., 2010) show evidence for a late glacial ice expansion in southern middle latitudes near the end of the ACR ca. 13.0 ka, followed by substantial glacier recession in the subsequent millennium. However, marine and ice-core evidence indicates environmental changes associated with the onset of the ACR much earlier than 13.0 ka (EPICA Community Members, 2004 [EPICAEuropean Project for Ice Coring in Antarctica]; Blunier and Brook, 2001; Barker et al., 2009] , and the nature of climate dynamics throughout the ACR around Patagonia remains unclear (Kaplan et al., 2008; Sugden et al., 2005) . Thus, resolving the timing and structure of climate changes throughout this time period on land is essential for understanding its cause, as well as the cryosphere-atmosphere-ocean links that operated during the late glacial to Holocene transition (Ackert et al., 2008) .
We use 10 Be and 14 C techniques to establish a detailed reconstruction of ice fl uctuations during the entire ACR in the Torres del Paine National Park (51°S, 73°W; Fig. 1 ), southern Chile. Torres del Paine has one of the prime late glacial moraine records in the southern middle latitudes. The excellent preservation and continuity of moraines, as well as their geographical location, make them ideal to test hypotheses of late glacial climate change at the middle latitudes, ~51°S (Figs. 1 and 2). In Torres del Paine, previous work (Marden and Clapperton, 1995) 
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Resolving debated climate changes in the southern middle latitudes and potential teleconnections between southern temperate and polar latitudes during the last glacial-interglacial transition is required to help understand the cause of the termination of ice ages. Outlet glaciers of the Patagonian Ice Fields are primarily sensitive to atmospheric temperature and also precipitation, thus former ice margins record the extent and timing of past climate changes. (from outer to inner, A-D) thought to have been deposited during Last Glacial Maximum (LGM) conditions. This study shows that, at present, the timing, extent, and structure of the LGM remain unknown in the Torres del Paine region. To avoid confusion with moraines of different ages having similar labels in other sites in southern South America (e.g., Sugden et al., 2005) , we rename these moraines (i.e., A-D of Marden and Clapperton, 1995) here: A = Torres del Paine (TDP) I, B = TDP II, C = TDP III, and D = TDP IV. These moraine sets normally occur within 2-3 km of each other, including at Laguna Azul and Lago Sarmiento (Fig. 2) , and are ≥45 km from present-day ice margins. The sharp morphology of the TDP II-IV moraines contrasts with that of the TDP I moraines, which are wide, prominent landforms. TDP II, III, and IV moraines can be traced with only short gaps between both lake basins, suggesting that Laguna Azul and Lago Sarmiento ice lobes merged and formed a single continuous ice mass with a >20 km terminus during their formation ( Fig. 2 ; see the GSA Data Repository 1 ).
METHODS
We collected 38 boulders from the TDP II, TDP III, and TDP IV moraines adjacent to Laguna Azul and Lago Sarmiento. We measured 10 Be concentrations of the boulder surfaces (Schaefer et al., 2009 ) allowing precision in our ages that averages 3.9% (1σ; Fig. DR3 in the Data Repository). Our exposure ages are calculated using a 10 Be production rate based on a New Zealand site (Putnam et al., 2010b ; see the Data Repository). This 10 Be production rate recently has been confi rmed in the Lago Argentino area , <100 km north of Torres del Paine. We detected and rejected the outliers by applying the Grubbs (1969) test and a 2σ criteria (see the Data Repository).
RESULTS
For each respective moraine belt, the 10 Be boulder ages show a normal distribution and exhibit high internal consistency after excluding outliers ( Fig. DR5 ; see the Data Repository). Boulders from the TDP II moraines yielded ages ranging from 13.4 to 15.0 ka, with an arithmetic mean of 14.2 ± 0.5 ka (n = 14) (Fig. DR5A) . The TDP III moraine boulders range from 13.7 to 15.0 ka, with a mean of 14.1 ± 0.5 ka (n = 10) (Fig. DR5B) , and those of the TDP IV moraines (including 2 ages recalculated from Moreno et al., 2009 ) yielded ages of 13.8-15.3 ka, with a mean of 14.1 ± 0.7 ka (n = 6) (Fig. DR5C) . The resulting 10 Be mean ages indicate that deposition of all three moraine systems occurred, within error, during the same time interval, and thus rapidly. The number, size, and continuity of the moraine ridges suggest that the ice was active and capable of eroding, transporting, and depositing a large volume of sediment during their formation. In the Lago Sarmiento, the TDP II moraine crosscuts the older TDP I moraine, suggesting that at least the most extensive ACR moraine in Torres del Paine represents a glacial expansion, rather than just a stillstand during retreat. In addition, near Río Paine, deformed lake beds occur in the TDP IV moraines, indicating that ice readvanced over proglacial lake deposits (Marden and Clapperton, 1995) .
Maximum glacier expansion occurred by 14.2 ± 0.5 ka (TDP II). Local ice retreat (typically 1-3 km) occurred after TDP II moraine deposition. Then, ice readvanced and deposited the TDP III and TDP IV moraines. Despite these local glacier fl uctuations, for the entire ACR time ice was still extensive (95% of full late glacial extent) relative to the present icefi eld divide and outlet glacier margins. A sediment core obtained at the Vega Baguales meltwater conduit (Fig. 2) 
DISCUSSION AND CONCLUSIONS
This study expands and refi nes earlier pioneering work Sagredo et al., 2011; Moreno et al., 2009; Sugden et al., 2005; Fogwill and Kubik, 2005) Be dating that glaciers in Torres del Paine were far (≥45 km) from the present-day ice at the very start of the ACR, ~1300 yr before the onset of the Younger Dryas (YD).
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Be and 14 C chronologies in Torres del Paine together afford the fi rst terrestrial evidence for both the onset and the duration of the ACR in southern Patagonia. Collectively, with the records from glacial basins north and south (Sagredo et al., 2011) of Torres del Paine, we conclude that an unknown amount of regional glacier retreat had occurred after the LGM, before the onset of the ACR. This includes what happened immediately prior to the late glacial period.
We hypothesize that the prominent expression of the ACR at Torres de Paine could have been due to the shift of the westerly belt close to 51°S (Fig. 1) , which would have brought not only cold conditions, but also peak precipitation to the glacial catchment. Late glacial pollen records south of 53°S in the southernmost tip of South America (e.g., Heusser, 2003) support such a northward shift of the westerly belt and also may imply a concurrent northward shift of the Antarctic Polar Frontal Zone, probably as far as the latitude of the Strait of Magellan (Sugden et al., 2005) .
Our moraine chronology suggests that glaciers in the southern middle latitudes responded to the onset of the ACR, as recorded in Antarctic ice cores (EPICA Community Members, 2004; Blunier and Brook, 2001) (Fig. 3F) . Previous work Putnam et al., 2010a; Kaplan et al., 2010) showed glaciers in the southern middle latitudes culminating at the end of the ACR chronozone. Moreover, New Zealand glaciers could have readvanced much earlier, at the start of the ACR, but data are sparse (Putnam et al., 2010a; Figs. 3A and 4) . The climate signal from southern glaciers (Fig. 4 ; see the Data Repository) is consistent with several recently obtained ocean-atmosphere records shown in Figure 3 , suggesting a coupling between oceanic, atmospheric, and cryospheric systems in the middle and high latitudes of the Southern Hemisphere. The onset of glacier readvance in south Patagonia and perhaps in New Zealand (Putnam et al., 2010a) during the early phase of the ACR (Fig. 3A) was contemporaneous with an inferred decline in the Southern Ocean upwelling rate (Anderson et al., 2009) (Fig. 3C) , and likely reduced CO 2 outgassing of the Southern Ocean to the atmosphere (Monnin et al., 2001) ( Fig. 3E ) at 14.6 ka. Following ~1600 yr of ACR conditions (Lemieux-Dudon et al., 2010; EPICA Community Members, 2004; Blunier and Brook, 2001) , the resumed glacial to interglacial rise in the Southern Ocean upwelling and atmospheric CO 2 rates after 13.0 ka coincided with rapid glacier retreat in Patagonia and New Zealand (e.g., Strelin et al., 2011; Putnam et al., 2010a; Kaplan et al., 2010; Moreno et al., 2009 ). Our study adds another important element to the scenario that signifi cant latitudinal shifts of the westerly wind belt through termination I ( Fig. 1) (Anderson et al., 2009; Denton et al., 2010) and resulting changes in Southern Ocean upwelling (Barker et al., 2009; Anderson et al., 2009; Bianchi and Gersonde, 2004; Toggweiler et al., 2006) seem to have played a prime role in the late glacial climate regime of the southern middle latitudes. Our fi ndings support late glacial climatic links in the southern middle and high latitudes (Fig. 3) due to migrations in the Antarctic Polar Frontal Zone and westerly belt linked to Southern Ocean temperature (Bianchi and Gersonde, 2004) . In addition, our data support the atmospheric bipolar seesaw model of climate change at the end of the last glaciation , thus suggesting that the latitudinal migration of the westerly belt throughout the termination could be tied to major oceanographic changes in the North Atlantic basin. In this scenario, throughout the ACR, the westerly belt was shifted north, bringing cold temperatures and increased precipitation to Torres del Paine, in response to a reinvigorated Atlantic meridional overturning circulation during the Northern Hemisphere Bølling-Allerød warm period.
